Abstract-The effects of chlorphenesin carbamate (CPC) and mephenesin on spinal neurons were investigated in spinal rats. CPC (50 mg/kg i.v.) inhibited the mono (MSR) and poly-synaptic reflex (PSR), the latter being more susceptible than the former to CPC depression.
Mephenesin
is a representative centrally acting muscle relaxant. It is, however, rarely employed clinically because of its short duration of action and adverse reactions. Chlorphenesin carbamate (CPC), a drug chemically related to mephenesin ( Fig. 1 ), has been employed clinically because it has a longer lasting effect than mephenesin. Matthews et al.
(1) reported that CPC is a selective blocker of polysynaptic pathways at the spinal and supra-spinal levels. In a previous study (2) , we found that CPC has an apparent depressant action on the spinal neuron, and it hyperpolarized both the ventral and dorsal roots of the isolated frog spinal cord. The purpose of the present study is to investigate the mechanism of action of CPC in the spinal rats, and additionally, to com pare the mechanism of CPC with that of mephenesin. (4) . A tungsten microelectrode was inserted into the motoneuron pool, which was stimulated by a submaximum current pulse (0.2 Hz, 0.05 msec). The antidromic and orthodromic action potentials were recorded with bipolar platinum electrodes on the distal end of the DR and VR, respectively, and five such responses were averaged using the averaging computer.
Field potential:
The method used for stimulation and recording was similar to that described by Ono et al. (5) . Submaximal rectangular pulses (0.05 msec duration) were applied to the dorsal rootlet L5 at a frequency of 0.2 Hz. Evoked field potentials were recorded monopolarly with a glass electrode filled with 1 M NaCI, which was lowered into the spinal cord using a micro manipulater.
The focal potentials were amplified using a microelectrode amplifier (Nihon Kohden, MEZ-7101 ), and five such potentials were averaged using the averaging computer.
Synaptic recovery: To assess the time course of functional recovery in the mono synaptic pathway, a method similar to that of Esplin (6) was used. A pair of identical stimuli was applied every 5 sec to the dorsal root. The delay between stimuli in each pair was varied between 5 and 400 msec. The amplitudes of the second responses of five consecutive pairs were averaged and ex pressed as a percentage of the first response.
Statistics: Data were expressed as the mean and standard error of the mean (S.E.M.). Statistical evaluations of data were performed using the two-tailed Student's t-test.
Drugs: The drugs used were chlorphenesin carbamate (CPC, Taisho Pharm.), mephenesin (Sigma), gallamine triethiodide (Sigma) and polyethylene glycol 400 (Wako).
Results

Effects on ventral root responses:
Chlor phenesin carbamate (CPC) and mephenesin were intravenously administered at a dose of 50 mg/kg in all experiments.
CPC signifi cantly inhibited PSR, with the maximum inhibition at 40 min after the drug adminis tration (Fig. 2) . Although MSR was also slightly inhibited by CPC, this reduction was not statistically significant except for the value at 3 min after the administration (Fig.  2) . On the other hand, mephenesin signifi cantly diminished both MSR and PSR, followed by a recovery to control levels within 30 min after the drug administration (Fig. 2) . PSR was found to be somewhat more susceptible than MSR to mephenesin.
Effects on dorsal root potentials: As shown in Fig. 3 , CPC administration caused a small reduction in the height of the DR-DRR. The response, however, almost returned to control levels 7 min after the drug treatment. DR D R P was not affected by CPC. I n contrast to CPC, mephenesin remarkably inhibited the DR-DRR and slightly reduced DR-DRP. This inhibitory effect of mephenesin on the DR-DRR completely disappeared 20 min after the drug administration (Fig. 3) . Effects on the excitability: The influences of CPC and mephenesin on the neuronal excitability are shown in Fig. 4 . CPC had no effect on the excitability of the primary afferent terminal, but reduced the excitability of the motoneuron.
CPC also strongly depressed the monosynaptic response re corded from the VRL5 (MS, in Fig. 4) . The time course of the depression was similar to that observed in MSR elicited by stimulation of the DR (Fig. 2) . Mephenesin, unlike CPC, reduced the excitability of the primary afferent terminal (Fig. 4) . This drug also depressed the excitability of the motoneuron and the monosynaptic response (Fig. 4) . Effects on field potential: As shown in Fig. 5 
Discussion
The principal findings of the present study are that CPC at a dose of 50 mg/kg i.v. depressed MSR and PSR (Fig. 2) , the DR-DRR (Fig. 3) and the excitability of the motoneuron (Fig. 4) ; and mephenesin at the same dose depressed MSR and PSR (Fig. 2) , the DR-DRR and DR-DRP (Fig. 3) , and the excitability of the primary afferent terminal and the motoneuron, these results on mephenesin being coincident with those reported by Ono et al. (5) . Accordingly, the mode of action of CPC was different from that of mephenesin in several points, namely, the depression of the DR-DRR and the excitability of the primary afferent terminal. The effect of CPC on the spinal reflex was far longer in duration than that of mephenesin. This can probably be interpreted by the entero hepatic circulation of CPC since the duration of action of CPC for the spinal reflex was shortened in rats with a ligated common bile duct (7) .
The intraspinal field potential induced by dorsal root stimulation consists of two components, the negative initial potential (NIP) and the focal synaptic potential (FSP) which reflect the presynaptic impulses pro pagating in the nerve terminals and the excitatory postsynaptic potentials (EPSP), respectively (5) . These components of the field potential were unaffected by CPC and mephenesin (Fig. 5) . It is therefore unlikely that these drugs obstruct the invasion of signals into the primary afferent terminal, modulate the release of transmitter(s) and influence the generation of EPSP. The local anesthetic action of CPC and mephenesin at the site of the recording electrode can also be excluded at the dose levels used in this experiment because they did not block the impulse conduction in the primary afferent fiber. It is conceivable, therefore, that the observed depression of MSR and PSR by the drugs (Fig. 2) may result from interference with the mechanism underlying motoneuron firing. The excitability of the motoneuron was found to be lowered by CPC and mephenesin (Fig. 4) . It is well-known that the spike potential of a motoneuron is composed of the spikes evoked in the initial segment (IS) and in the soma-dendrites (SD), and the generation of an IS-spike results in the generation of action potentials propagating toward the periphery (8) . Accordingly, our results may indicate that CPC and me phenesin inhibit the motoneuron firing by preventing the generation of the IS-spike or stabilizing the membrane of IS. Since MSR reflects the response of the motoneuron to synchronous afferent impulses, it is inferrable that the blockade of synchronous afferent impulses might stop the firing of the motoneurons. It is unlikely for CPC to influence pre synaptic inhibition since the DR-DRP, which is known to reflect the intensity and time course of presynaptic inhibition (9), was unaffected by this drug. DR-DRR reflects the numbers of spikes generated in the primary afferent terminal. The small reduction of DR-DRR after CPC (Fig. 3) may be attributed to the transient effect on the excitability of the primary afferent terminal (Fig. 4) . Me phenesin inhibited both DR-DRP and DR DRR, indicating that the presynaptic in hibition may be affected by this drug.
Both CPC and mephenesin were found not to change the synaptic recovery. Our result was different from that of Esplin (6) who reported the prolongation of synaptic recovery by mephenesin in the cat. Possibly, the synaptic recovery in the rat and cat might be affected differently by mephenesin.
The present study indicates that both CPC and mephenesin inhibit the motoneuron firing by stabilizing the motoneuron. There, however, are several different effects between CPC and mephenesin, namely, mephenesin additionally influenced the presynaptic in hibition and the excitability of the primary afferent terminal. The reduction of moto neuron excitability may explain the clinical effectiveness of CPC in human pathological conditions manifested by the excessive tonic activity of skeletal muscles. 
